###### Strengths and limitations of this study

-   Use of a whole-of-population cohort maximised statistical power and minimised selection bias associated with participant selection.

-   The number of Aboriginal children in the cohort is likely to be underestimated because Aboriginal status is under-reported in the hospital data.

-   We were unable to ascertain an individual\'s clinical need for procedures from the hospital data.

Introduction {#s1}
============

Australian Aboriginal children living in remote communities experience an overwhelming burden of otitis media.[@R1] A study conducted in remote northern and central Australian communities in 2001 found that 91% of the 709 participating Aboriginal children aged 6--30 months had otitis media.[@R2] Of serious concern is the estimated 11--15% of Aboriginal children in these communities who suffer from chronic suppurative otitis media,[@R2] [@R3] which are among the highest prevalence estimates reported internationally and constitute a 'massive public health problem' by WHO standards.[@R4] There is considerable variation in the prevalence of otitis media between Aboriginal communities throughout Australia,[@R2] however, and little is known about the magnitude of the problem among children living in urban areas[@R5] or the eastern states of Australia where the majority of the Aboriginal population live.[@R6]

Despite the clinically apparent differences in the burden of otitis media between Aboriginal and non-Aboriginal children, there is limited quantitative evidence of this inequality. National health surveys indicate that Aboriginal children experience ear disease and/or hearing loss more than three times as often as their non-Aboriginal counterparts (10% vs 3%).[@R7] However, it is not possible to ascertain from these data how much can be directly attributed to otitis media.[@R7] In the mid-1990s, a northern Australian cohort study found that Aboriginal infants from a remote area suffered otitis media and its complications more often and earlier in life than non-Aboriginal infants; however, the study sample was small and the non-Aboriginal comparison group lived in the city.[@R8] Another source of evidence is the Bettering the Evaluation And Care of Health (BEACH) data, derived from ongoing surveys of primary care consultations nationally. These data suggest that Aboriginal children present for otitis media more frequently than non-Aboriginal children (9.8 vs 7.3/100 consultations) and that their otitis media is more often severe.[@R9] The BEACH data, however, do not capture undiagnosed cases of otitis media in the community. The exact reasons underlying the inequality in otitis media prevalence between Aboriginal and non-Aboriginal children are not fully understood, although they are likely to be multifactorial and interrelated. Some risk factors for otitis media that remain common in many Aboriginal families include large numbers of children living in the same household,[@R10] [@R11] recent ear infections among family members,[@R12] [@R13] poor housing quality,[@R14] high nasal pathogen loads[@R15] [@R16] and infant bottle feeding.[@R13]

An equally important consideration is whether those Aboriginal children who suffer otitis media are receiving appropriate and equitable healthcare. Although limited data are available on otitis media management in primary care, surgical procedures are well captured in hospital data.[@R17] Insertion of ventilation tubes is one of the management options recommended for children with recurrent acute otitis media or persistent bilateral otitis media with effusion and hearing loss.[@R18] [@R19] These procedures drain fluid from the middle ear and/or provide prolonged aeration to the middle ear via the ventilation tube.[@R18] [@R20] The use of these procedures is somewhat controversial because---despite evidence of short-term improvements in hearing and reduced infection rates---there is limited evidence regarding their long-term benefits and when they are best indicated.[@R21] [@R22] Furthermore, guidelines regarding ventilation tube insertion (VTI) are more stringent in non-Aboriginal compared with Aboriginal children.[@R18] The only previously published study of VTI procedures in Aboriginal compared with non-Aboriginal children, to our knowledge, reported lower procedure rates in Aboriginal children in Western Australia.[@R23] This study did not investigate factors underlying this inequality.[@R23]

New South Wales (NSW) is the state with the largest and most urbanised Aboriginal population in Australia. Furthermore, its large population is distributed across major cities and regional and remote areas. In this study, we used linked hospital and mortality data for NSW to quantify inequalities in first VTI procedures between Aboriginal and non-Aboriginal children and to investigate the influence of birth characteristics, socioeconomic background and geographical remoteness on this inequality.

Methods {#s2}
=======

Study design {#s2a}
------------

This study was a retrospective cohort design using linked hospital and mortality data.

Data sources {#s2b}
------------

The NSW Admitted Patients Data Collection (APDC) includes records of all hospital separations (discharges, transfers and deaths) from all public, private, psychiatric and repatriation hospitals in NSW, as well as public multipurpose services, private day procedure centres and public nursing homes. Each record represents an episode of care that ends when a patient is transferred to another type of care, discharged from hospital or dies. The patient demographics and multiple diagnoses and procedures are recorded for each separation. Diagnoses are coded according to the Australian Modification of the International Statistical Classification of Diseases and Related Problems, 10th Revision (ICD-10-AM)[@R24] and procedures according to the Australian Classification of Health Interventions.[@R24] The NSW Register of Births, Deaths and Marriages (RBDM) captures details of all deaths registered in the state.

Probabilistic record linkage {#s2c}
----------------------------

The APDC from 1 July 2000 to 31 December 2008 was linked to the RBDM from 1 July 2000 to 31 December 2009. Personal identifiers (including full names, sex, date of birth and address) from the datasets were linked using probabilistic methods by the Centre for Health Record Linkage.[@R25] Researchers were supplied with de-identified APDC and RBDM data. These data were merged using a project-specific unique person number.

Setting {#s2d}
-------

NSW covers an area of approximately 810 000 km^2^ and is Australia\'s most populous state. In 2006, NSW had approximately 6.8 million residents, of whom 2.2% (almost 150 000) were recorded as Aboriginal and/or Torres Strait Islander people (henceforth referred to as 'Aboriginal' because Torres Strait Islander people account for only 0.1% of the NSW population).[@R26] In 2006, 73% of the total NSW population lived in a major city compared with 43% of the NSW Aboriginal population.[@R26]

Participants {#s2e}
------------

The linked data were used to define a cohort of children who were NSW residents and were born in a public or private hospital in NSW between 1 July 2000 and 31 December 2007. Records in the APDC with 'live born infant' (Z38 ICD-10-AM codes) included in a diagnosis field or a date of birth that was greater than or equal to the admission date and less than or equal to the separation date were considered as birth admissions. A total of 653 681 children met these inclusion criteria. Children were excluded if their sex was coded as indeterminate or missing or there were discrepancies in their date of birth, admission and/or separation date on their birth record (6 Aboriginal and 125 non-Aboriginal). A similar proportion of excluded children received ventilation tubes (2.3%) compared with the study cohort (2.6%). The final study cohort included 653 550 children (16 831Aboriginal and 636 719 non-Aboriginal).

Analysis variables {#s2f}
------------------

The study outcome was the first VTI procedure (unilateral or bilateral, coded as 41 632--00 and 41 632--01, respectively) recorded in the APDC during the study period.

The primary explanatory variable of interest was Aboriginal status. Although recording of Aboriginal status has improved over time, it is known to be under-recorded in the NSW public hospital data.[@R27] Although probabilistic linkage offers the opportunity to improve ascertainment of Aboriginal status for individuals by using their entire admission history, we used Aboriginal status at birth to avoid introducing differential misclassification bias whereby sicker children who are admitted to hospital more frequently would have more opportunity to be recorded as Aboriginal, either correctly or through keystroke error. In the absence of an external source of Aboriginal status for validation, we conducted sensitivity analyses using two alternative definitions: (1) Aboriginal on the most recent hospital record and (2) Aboriginal on any hospital record.

With the exception of age, all potential confounding and mediating variables were based on the birth record to minimise differential misclassification bias, whereby children who were hospitalised more frequently during the study had more opportunities to update their status than children who had fewer hospitalisations. Age and sex were included as confounding variables in multivariate analyses and the following were included as mediating variables: low birth weight, defined as less than 2500 g; prematurity at birth, defined as less than 37 weeks' gestational age; private patient or health insurance status; geographical remoteness included major city and inner regional, outer regional and remote/very remote categories based on the Accessibility/Remoteness Index of Australia (ARIA+)[@R28]; area-level socioeconomic status, based on the Australian Bureau of Statistics' Socio-Economic Index for Areas (SEIFA) Index of Relative Social Advantage and Disadvantage (2006 version).[@R29] SEIFA scores were classified into population quintile groups for the analysis. Both ARIA+ and SEIFA categories were assigned to individuals based on their statistical local area of residence. Among children who received a VTI procedure, the percentages of children who changed status on key variables between birth and VTI admission were 6% for geographical remoteness, 11% for area-level socioeconomic status and 32% for private patient/health insurance status.

Statistical analysis {#s2g}
--------------------

Person-years were accrued from the date of birth and terminated at the first of: the first VTI, date of death, 31 December 2008 or the date of a child\'s eighth birthday. Kaplan-Meier methods were used to assess time to first VTI procedure since birth and the log rank test for equality of survivor functions was used to assess the difference in time to first procedure between Aboriginal and non-Aboriginal children. Incidence rates (IRs) for first VTI procedures per 1000 person-years were calculated by dividing the number of first VTI procedures by the person-years accumulated for Aboriginal and non-Aboriginal children and for each confounding and mediating variable, and multiplying by 1000. CIs at the 95% confidence level were calculated assuming a Poisson distribution of the first VTI procedures. Poisson regression was used to estimate rate ratios (RRs) with 95% CIs to compare first VTI procedures between Aboriginal and non-Aboriginal children, including adjustment for potentially confounding and mediating variables. Covariates were entered into the model if they had a p value less than 0.10 in the univariate analysis. The forward stepwise method was used to build the multivariate models, using the log-likelihood ratio statistic to assess contribution to the model. p Values less than 0.05 were considered statistically significant. An interaction term for age and Aboriginality was tested and included in one of the models. Analyses were performed in SAS V.9.3 (SAS Institute, Cary, North Carolina, USA).

Results {#s2j}
-------

Of the 16 831 Aboriginal children in the cohort, 310 received their first VTI procedure during 72 663 person-years of follow-up, giving a procedure rate of 4.3 (95% CI 3.8 to 4.8)/1000 person-years ([table 1](#BMJOPEN2013003807TB1){ref-type="table"}). Of the 636 719 non-Aboriginal children, 16 781received their first VTI procedure during 2 916 105 person-years of follow-up, which equals a procedure rate of 5.8 (95% CI 5.7 to 5.8)/1000 person-years ([table 1](#BMJOPEN2013003807TB1){ref-type="table"}). The mean duration of follow-up in the cohort was 4.6 years (SD, 2.2 years) and the median number of hospital admissions was one (IQR, 1--2). On average, Aboriginal children were 3.1 years (SD, 1.6) and non-Aboriginal children were 2.9 years (SD, 1.5) when they had their first ventilation tubes inserted. Procedure rates were lower among Aboriginal compared with non-Aboriginal children aged 0--1 years (IR 3.2; 95% CI 2.6 to 3.8 vs IR 5.3; 95% CI 5.1 to 5.4) and 2--3 years (IR 5.4; 95% CI 4.4 to 6.4 vs IR 7.1; 95% CI 6.9 to 7.3); however, there were no significant differences among older children ([figure 1](#BMJOPEN2013003807F1){ref-type="fig"}). [Figure 2](#BMJOPEN2013003807F2){ref-type="fig"} shows that the time from birth to first VTI was significantly greater in Aboriginal compared with non-Aboriginal children in the cohort (p\<0.001; [figure 2](#BMJOPEN2013003807F2){ref-type="fig"}).

###### 

Birth characteristics and first VTI procedure rates in a cohort of children in New South Wales, Australia, 2000--2008

                                                  Non-Aboriginal   Aboriginal   Non-Aboriginal   Aboriginal                                                                 
  ----------------------------------------------- ---------------- ------------ ---------------- ------------ -------- ----------- ----- ------------- ----- -------- ----- -------------
  Total                                           636 719          100          16 831           100          16 781   2 916 105   5.8   5.7 to 5.8    310   72 663   4.3   3.8 to 4.8
  Sex                                                                                                                                                                       
   Female                                         308 579          48           8221             49           6395     1 418 529   4.5   4.4 to 4.6    120   35 655   3.4   2.8 to 4.0
   Male                                           328 140          52           8610             51           10 386   1 497 577   6.9   6.8 to 7.1    190   37 008   5.1   4.4 to 5.9
  Low birth weight (\<2500 g)                                                                                                                                               
   No                                             614 308          96           15 763           94           16 051   2 820 959   5.7   5.6 to 5.8    282   68 483   4.1   3.7 to 4.6
   Yes                                            22 411           4            1068             6            730      95 147      7.7   7.1 to 8.3    28    4179     6.7   4.5 to 9.7
  Premature birth (\<37 weeks' gestational age)                                                                                                                             
   No                                             599 380          94           15 245           91           15 542   2 754 484   5.6   5.6 to 5.7    272   66 331   4.1   3.6 to 4.6
   Yes                                            37 339           6            1586             9            1239     161 621     7.7   7.2 to 8.1    38    6332     6.0   4.2 to 8.2
  Private patient or private health insurance                                                                                                                               
   No                                             447 817          70           16 605           99           8661     2 072 256   4.2   4.1 to 4.3    303   71 818   4.2   3.8 to 4.7
   Yes                                            188 902          30           226              1            8120     843 850     9.6   9.4 to 9.8    7     845      8.3   3.3 to 17.1
  Remoteness (ARIA+)                                                                                                                                                        
   Major city                                     421 287          66           4945             29           11 553   1 917 085   6.0   5.9 to 6.1    101   21 171   4.8   3.9 to 5.8
   Inner regional                                 158 346          25           5815             35           4264     731 689     5.8   5.7 to 6.0    125   24 708   5.1   4.2 to 6.0
   Outer regional                                 52 032           8            4226             25           871      242 980     3.6   3.4 to 3.8    69    18 328   3.8   2.9 to 4.8
   Remote/very remote                             5054             1            1845             11           93       24 351      3.8   3.1 to 4.7    15    8456     1.8   1.0 to 2.9
  Area socioeconomic status†                                                                                                                                                
   First quintile (most disadvantaged)            120 604          19           8234             49           1976     560 732     3.5   3.4 to 3.7    130   36 376   3.6   3.0 to 4.2
   Second quintile                                138 822          22           4412             26           3277     638 688     5.1   5.0 to 5.3    102   18 715   5.5   4.4 to 6.6
   Third quintile                                 128 511          20           2736             16           2960     592 752     5.0   4.8 to 5.2    52    11 635   4.5   3.3 to 5.9
   Fourth quintile                                130 018          20           1146             7            3412     592 662     5.8   5.6 to 6.0    18    4816     3.7   2.2 to 5.9
   Fifth quintile (least disadvantaged)           118 764          19           303              2            5156     531 272     9.7   9.4 to 10.0   8     1121     7.1   3.1 to 14.1

\*Per 1000 person-years.

†SEIFA Index of Relative Socio-Economic Advantage and Disadvantage based on the child\'s statistical local area of residence at birth.

ARIA+, Accessibility/Remoteness Index of Australia; IR, incidence rate; SEIFA, socio-economic indices for Areas; VTI, ventilation tube insertion.

![First ventilation tube insertion procedure rates in a cohort of children in New South Wales, Australia, 2000--2008, by Aboriginality and age. Legend: dashed line represents non-Aboriginal children; solid lines represent Aboriginal children.](bmjopen2013003807f01){#BMJOPEN2013003807F1}

![Time to first ventilation tube insertion in a cohort of children in New South Wales, Australia, 2000--08, by Aboriginality. Legend: dashed line represents non-Aboriginal children; solid lines represent Aboriginal children.](bmjopen2013003807f02){#BMJOPEN2013003807F2}

Aboriginal children were 28% less likely to have ventilation tubes inserted than non-Aboriginal children in the cohort (RR 0.72; 95% CI 0.64 to 0.80; [table 2](#BMJOPEN2013003807TB2){ref-type="table"}, model 1). This estimate of inequality remained the same after adjustment for age and sex ([table 2](#BMJOPEN2013003807TB2){ref-type="table"}, model 2) and changed slightly after accounting for low birth weight or prematurity in the model (age and sex adjusted RR 0.71; 95% CI 0.63 to 0.79 for both variables; [table 2](#BMJOPEN2013003807TB2){ref-type="table"}, models 3 and 4). After taking age, sex and remoteness into account, Aboriginal children were 19% less likely to have ventilation tubes inserted (RR 0.81; 95% CI 0.73 to 0.91; model 6). After adjustment for age, sex and private patient/health insurance status or area socioeconomic status, procedure rates were no longer significantly different between Aboriginal and non-Aboriginal children (RR 0.96; 95% CI 0.86 to 1.08; [table 2](#BMJOPEN2013003807TB2){ref-type="table"}, model 5 and RR 0.93; 95% CI 0.83 to 1.04; [table 2](#BMJOPEN2013003807TB2){ref-type="table"}, model 7, respectively). In the fully adjusted model, there was no significant difference in VTI procedure rates between Aboriginal and non-Aboriginal children (RR 1.06; 95% CI 0.94 to 1.19, [table 2](#BMJOPEN2013003807TB2){ref-type="table"}, model 8).

###### 

Rate ratios for first ventilation tube insertion procedures in Aboriginal compared with non-Aboriginal children in a cohort of children in New South Wales, Australia, 2000--2008, including stepwise adjustment for covariates

  Model   Adjusted for                                                                                                          Rate ratio   95% CI         p Value
  ------- --------------------------------------------------------------------------------------------------------------------- ------------ -------------- ---------
  1       Null model                                                                                                            0.72         0.64 to 0.80   \<0.001
  2       Age and sex                                                                                                           0.72         0.64 to 0.80   \<0.001
  3       Age, sex, low birth weight                                                                                            0.71         0.63 to 0.79   \<0.001
  4       Age, sex, prematurity                                                                                                 0.71         0.63 to 0.79   \<0.001
  5       Age, sex, private health insurance/patient                                                                            0.96         0.86 to 1.08   0.532
  6       Age, sex, geographical remoteness                                                                                     0.81         0.73 to 0.91   \<0.001
  7       Age, sex, socioeconomic status\*                                                                                      0.93         0.83 to 1.04   0.194
  8       Age, sex, low birth weight, prematurity, private patient/insurance, geographical remoteness, socioeconomic status\*   1.06         0.94 to 1.19   0.321

\*Socioeconomic indices for Areas (SEIFA) Index of Relative Socio-Economic Advantage and Disadvantage based on statistical local area of residence at birth.

[Table 3](#BMJOPEN2013003807TB3){ref-type="table"} presents RRs for significant covariates in the final adjusted model (model 8). Among all children, VTI procedures were 36% more likely in children aged 2--3 years and 17% more likely in children aged 4--5 years than those aged 0--1 year, but 51% less likely among children aged 6--8 years ([table 3](#BMJOPEN2013003807TB3){ref-type="table"}). Inclusion of Aboriginality and age as an interaction term in the model revealed that significant differences in procedure rates between Aboriginal and non-Aboriginal children lay in the 0--1 and 2--3 years age group ([figure 3](#BMJOPEN2013003807F3){ref-type="fig"}A). Adjustment for significant covariates accounted for these gaps in receipt of procedures among the younger age groups ([figure 3](#BMJOPEN2013003807F3){ref-type="fig"}B). However, after differences in socioeconomic status and remoteness were taken into account, Aboriginal children aged 6--8 years had a higher likelihood of procedures than their same age non-Aboriginal peers. Other characteristics associated with an increased likelihood of receiving ventilation tubes in all children included: male sex, low birth weight, premature birth, being a private patient or having private health insurance, living in inner regional areas and living in more socioeconomically advantaged areas ([table 3](#BMJOPEN2013003807TB3){ref-type="table"}). Although children living in remote areas were less likely to receive ventilation tubes than children living in major cities in the unadjusted model, this difference was not significant after adjusting for indicators of socioeconomic status ([table 3](#BMJOPEN2013003807TB3){ref-type="table"}).

###### 

Unadjusted and adjusted RRs for first VTI procedures in a cohort of children in New South Wales, Australia, 2000--2008

                                    Unadjusted RR   95% CI         p value   Adjusted RR\*   95%CI          p value
  --------------------------------- --------------- -------------- --------- --------------- -------------- ---------
  Age (years)                                                                                               
   \<2                              1.00                           \<0.001   1.00                           \<0.001
   2 to \<4                         1.36            1.31 to 1.40             1.37            1.31 to 1.40   
   4 to \<6                         1.17            1.12 to 1.22             1.18            1.12 to 1.22   
   6 to 8                           0.49            0.45 to 0.53             0.50            0.45 to 0.53   
  Sex                                                                                                       
   Female                           1.00                           \<0.001   1.00                           \<0.001
   Male                             1.54            1.49 to 1.59             1.54            1.49 to 1.59   
  Low birth weight                                                                                          
   No                               1.00                           \<0.001   1.00                           0.005
   Yes                              1.32            1.22 to 1.42             1.15            1.04 to 1.27   
  Prematurity                                                                                               
   No                               1.00                           \<0.001   1.00                           \<0.001
   Yes                              1.34            1.26 to 1.41             1.19            1.10 to 1.28   
  Private patient or insurance                                                                              
   No                               1.00                           \<0.001   1.00                           \<0.001
   Yes                              2.30            2.23 to 2.37             1.97            1.91 to 2.03   
  Geographical remoteness (ARIA+)                                                                           
   Major city                       1.00                           \<0.001   1.00                           \<0.001
   Inner regional                   0.97            0.93 to 1.00             1.15            1.11 to 1.20   
   Outer regional                   0.60            0.56 to 0.64             0.97            0.90 to 1.05   
   Remote/very remote               0.56            0.47 to 0.68             0.89            0.73 to 1.09   
  Area socioeconomic status†                                                                                
   First (most disadvantaged)       1.00                           \<0.001   1.00                           \<0.001
   Second                           1.46            1.38 to 1.54             1.32            1.25 to 1.40   
   Third                            1.41            1.33 to 1.49             1.22            1.15 to 1.30   
   Fourth                           1.62            1.54 to 1.71             1.33            1.25 to 1.42   
   Fifth (least disadvantaged)      2.74            2.61 to 2.89             1.95            1.83 to 2.07   

\*Adjusted for all significant covariates in the final multivariate model.

†SEIFA Index of Relative Socio-Economic Advantage and Disadvantage based on the child\'s statistical local area of residence at birth.

ARIA+, Accessibility/Remoteness Index of Australia; SEIFA, socio-economic indices for Areas; RR, rate ratio; VTI, ventilation tube insertion.

![Rate ratios for first ventilation tube insertion procedures in a cohort of children in New South Wales, Australia, 2000--2008, by Aboriginality and age^a^: (A) adjusted for age and sex, and (B) adjusted for age, sex and significant mediating factors^b^. Legend: dashed line represents non-Aboriginal children; solid lines represent Aboriginal children. a. Including an interaction term for Aboriginality and age. b. Significant mediating factors included in the final multivariate model: low birth weight, prematurity, private health insurance/patient, geographical remoteness and area socioeconomic status.](bmjopen2013003807f03){#BMJOPEN2013003807F3}

Sensitivity analysis {#s2k}
--------------------

A total of 18 714 (2.9%) children were recorded as Aboriginal on their most recent hospital admission and 20 575 (3.2%) children were ever recorded as Aboriginal (data not shown). Of these, 431 and 568 had their first VTI procedure during the study period when using Aboriginal status from the most recent hospital record and any hospital record, respectively. Aboriginal children were less likely to have ventilation tubes inserted than non-Aboriginal children when Aboriginal status was obtained from the most recent hospital record (unadjusted RR 0.88; 95% CI 0.80 to 0.97); however, the difference was non-significant when Aboriginality from any hospital recorded was used (unadjusted RR 1.05; 95% CI 0.96 to 1.14).

Discussion {#s3}
==========

Our study identified significant inequality in the receipt of VTI procedures between Aboriginal and non-Aboriginal children in NSW. We found that VTI rates in Aboriginal children aged less than 4 years were approximately two-thirds of those in their same age non-Aboriginal peers. This finding is consistent with the inequality in first VTI procedure rates between Aboriginal and non-Aboriginal children aged 5 years or less in Western Australia in 1981--2004.[@R23] Although our study showed that this gap narrowed in children aged 5 years and over, Aboriginal children did not 'catch up' in terms of the proportion that had ventilation tubes inserted by their eighth birthday. The likelihood of having ventilation tubes inserted increased with increasing socioeconomic advantage and was higher for children living in major cities compared with remote areas. Our multivariate analyses showed that socioeconomic factors and---to a lesser extent---geographical remoteness largely explain the inequality in VTI procedures between Aboriginal and non-Aboriginal children in NSW.

A key question is not so much what underlies the difference in VTI rates between Aboriginal and non-Aboriginal children, but whether procedures are provided relative to clinical need and according to clinical guidelines in both groups. Studies have consistently reported a higher burden of otitis media among Aboriginal children,[@R8] [@R30] [@R31] which suggests a higher overall need for intervention. However, the recommended hearing loss threshold for VTI procedures is higher in children at high risk of chronic suppurative otitis media because of the greater risk of infection associated with the procedure in these children.[@R19] [@R20] There is currently limited information about the incidence, clinical course and severity of otitis media in Aboriginal children, particularly in urban areas. Clinical research shows that Aboriginal children are more likely to suffer otitis media with effusion and acute otitis media during early infancy,[@R32] and present with more severe and chronic otitis media than non-Aboriginal children.[@R8] Furthermore, Aboriginal children are more prone to developing chronic suppurative otitis media.[@R18] We were unable to ascertain the degree of hearing loss or obtain information on the clinical management of otitis media prior to surgery from our data, although results suggest a delay in the age at which procedures are performed in Aboriginal children. Despite this, it is unlikely that the large inequality in VTI procedures in our study can be appropriately explained by more prevalent chronic suppurative otitis media in Aboriginal children alone. Furthermore, inequalities in the prevalence of chronic suppurative otitis media may reflect issues such as late diagnosis and less access to health services in remote areas.

Our finding that VTI rates increased with increasing socioeconomic advantage is consistent with those of another Australian study[@R23] and studies from Europe and North America.[@R33; @R34; @R35; @R36; @R37] Similar patterns of inequality have also been found with 'discretionary' procedures in the Australian adult population.[@R38] [@R39] In our study, the socioeconomic gradient was evident in Aboriginal and non-Aboriginal children. The important difference between the two groups is that socioeconomic disadvantage disproportionately affects Aboriginal children. Adjustment for socioeconomic factors in our multivariate analysis reduced inequalities in the receipt of procedures, and the inequality was no longer significant. We now consider at least three potential mechanisms by which socioeconomic advantage might increase a child\'s chance of having ventilation tubes inserted.

First, it is possible that higher participation in formal child care---which has been associated with otitis media and the carriage of related pathogens[@R10] [@R34] [@R40]---among more socioeconomically advantaged children[@R41] is one factor that might increase the incidence of otitis media among these children and thereby their clinical need for procedures. Child-care participation could not be ascertained from our data, and therefore we were unable to estimate to what extent this might explain the socioeconomic gradient in procedures.

A second and more probable mechanism is that socioeconomically advantaged children have better access to health services. Children with otitis media may gain access to specialist ear health services via financial means, such as private health insurance. Our data support this, as do the findings from a North American study.[@R34] Better access to specialist ear health services is also influenced by the availability of audiologists and ear, nose and throat (ENT) surgeons in the area where a child lives, with affluent families more commonly living in areas with a greater supply of hospital-based and private specialist services.[@R42] Parental education might also play a role in the parent\'s ability to effectively navigate our complex health system to gain access to specialist services on their child\'s behalf.

A third factor that may contribute towards higher procedure rates among more socioeconomically advantaged children is the overuse of procedures. There is no published evaluation of this in Australia; however, a significant discrepancy between the insertion of ventilation tubes and clinical guidelines was reported among New York metropolitan hospitals in the USA.[@R43] The most common discrepancy between guidelines and practice was the premature insertion of ventilation tubes.[@R43] However, even among the most advantaged children in our cohort, the proportion who had a ventilation tube inserted by 8 years of age (6%; data not shown) was lower than that in studies from the USA[@R34] and Europe.[@R44] [@R45] This may reflect differences in incident otitis media, clinical guidelines and guideline adherence, as well as lesser availability of ENT surgeons in the Australian setting.[@R46] [@R47]

Despite the high burden of otitis media in Aboriginal children living in remote Australian communities[@R2] [@R8] [@R48; @R49; @R50] and children attending remote Aboriginal Medical Services nationally,[@R42] we found lower VTI rates among Aboriginal compared with non-Aboriginal children in remote areas in NSW. Furthermore, our analyses indicate that remoteness was a significant mediating factor in the relationship between Aboriginality and the insertion of ventilation tubes. Similar to other states, Aboriginal children are disproportionately affected by remoteness in NSW.[@R26] The disparate and less frequently available nature of specialist ear health services in remote areas[@R42] is likely to account for much of the inequalities in the receipt of procedures between children living in remote areas and major cities. It does not, however, explain the inequalities between Aboriginal and non-Aboriginal children living in remote areas. One possibility is that Aboriginal children living in remote communities represent some of the most socioeconomically disadvantaged children in the state. These children are likely to face multiple---and interrelated---barriers to accessing health services. Aside from private patient or health insurance status, we were unable to ascertain other individual-level indicators of socioeconomic status (eg, household income, parental employment) or disadvantage (eg, single parent family, child placed in out-of-home care) from our data. Another possibility is that ENT surgeons may be reluctant to insert ventilation tubes in Aboriginal children who live in remote areas because of the challenges in providing postoperative follow-up. It is also plausible that parental acceptance of otitis media as the norm in remote Aboriginal families means they may be less likely to seek treatment.

Our study\'s greatest strength was its use of a whole-of-population cohort, which maximised statistical power and minimised bias associated with participant selection. Although an unknown number of children were lost to follow-up through migration, children account for a small proportion of the 3% of the NSW population who migrate annually.[@R51] [@R52] Other strengths of this study include the extended follow-up and excellent capture of surgical procedures in administrative hospital data.[@R17] The large size of our cohort, together with the geographical diversity and the distribution of Aboriginal children across metropolitan, regional and remote areas, not only enabled us to quantify the inequality in VTI procedures between Aboriginal and non-Aboriginal children, but also to investigate---for the first time in Australia---the influence of factors such as remoteness and socioeconomic background on this inequality.

Some limitations in the source data must be considered in interpreting our findings. The first is that Aboriginal people are under-recorded in the NSW hospital data.[@R27] [@R53; @R54; @R55] Furthermore, these recording errors are not randomly distributed. For example, hospitals in remote areas have a more accurate recording of Aboriginal status than hospitals in major cities.[@R27] [@R54]Since we used a cohort approach in our study, under-recording will have affected the numerator and denominator, as opposed to the numerator only, which is the case when population rates are estimated using census data as the denominator. For this reason, our study would have been less sensitive to an under-recording of Aboriginal status. Audits of hospital data have also shown that the recording of Aboriginality has improved over time.[@R27] [@R54] Although there was some variation in procedure rates among Aboriginal children during the study period, we found no significant trend over time. We used Aboriginal status from children\'s birth records to minimise differential misclassification bias relating to the number and recency of hospital admissions.

Another shortcoming of our study is that we were unable to obtain an updated area of residence for children who were not admitted to hospital since their birth admission. To avoid introducing differential misclassification bias for geographical remoteness and area-level socioeconomic status, we used the area of residence at birth for all children in our analyses. Among children who had ventilation tubes inserted, the proportions that changed the remoteness category or socioeconomic quintile between their birth and procedure admission were 6% and 11%, respectively.

We were limited to two indicators of socioeconomic status in our analyses, of which private patient/health insurance status was an individual-level variable. The use of area-based measures such as the SEIFA Index of Relative Socio-economic Advantage and Disadvantage has the potential to introduce ecological fallacy. In related research, area-level socioeconomic status has been associated with the community prevalence of otitis media in North America.[@R56] Our findings that adjustment for either the individual-level or area-level socioeconomic variable in our model had a similar effect in direction and quantity suggests that both were reasonable indicators of socioeconomic status in this large cohort.

In 2008, the Council of Australian Governments committed to reducing Indigenous disadvantage and set six targets to 'Close the Gap' between Aboriginal and non-Aboriginal people.[@R57] This included halving the gap in numeracy and literacy outcomes between Aboriginal and non-Aboriginal children by 2018.[@R57] Despite the political will, progress towards these targets has been disappointing.[@R58] Until the early childhood health and developmental inequalities are reduced, it is most likely that the education outcomes and life prospects of many Aboriginal children will remain poor. Otitis media is an important early childhood health condition that can affect hearing, speech and language development.[@R59; @R60; @R61] Our findings suggest that Aboriginal children may face barriers to accessing appropriate care for otitis media, as well as the possible overuse of procedures among advantaged children. However, many questions remain unanswered. This study highlights the need for stronger evidence regarding the prevalence, severity and clinical course of otitis media in Australian Aboriginal children, and the appropriateness of care received.
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